C hronic inflammatory disorders of the gastrointestinal tract, collectively termed inflammatory bowel disease (IBD), include Crohn disease (CD) and ulcerative colitis (UC). It is estimated that 1.5 million Americans suffer from UC and CD. The etiology of UC and CD are unknown, although both are believed to arise from a disordered immune response to gut contents in genetically predisposed individuals (1) . The onset of IBD peaks between 15 and 25 years of age (2) . Multiple studies have evaluated the epidemiology of IBD in adults from various geographical regions. In the United States, estimates of CD incidence varies between six and eight per 100,000, with a prevalence of 100 to 200 per 100,000 (1) .
The intestinal epithelium represents the largest and most important barrier between the host and the luminal contents of the intestine. It acts as a barrier to prevent the passage of harmful intraluminal entities including foreign antigens, microorganisms and their toxins (3) . At the same time, the intestinal barrier must be permeable to essential dietary nutrients, electrolytes and water absorbed from the intestinal lumen into the circulation because of their importance to growth and development (4) . It has been shown that the function of the intestinal barrier is modulated by the immune system, ingestion of alcohol or nonsteroidal anti-inflammatory drugs, enteric pathogens and their toxins, and proteases (3) . Altered intestinal barrier function results in altered epithelial permeability and altered intestinal innate immunity seen in various diseases including IBD. Dysregulation of the immune response to intestinal bacteria in patients with IBD occurs because of a shift in the balance of the secretion of anti-inflammatory mediators toward proinflammatory molecules (5) . Recently, the nuclear farnesoid X receptor (FXR) has been implicated in immune modulation and barrier function in the intestine (6) . FXR is activated by bile salts and regulates the transcription of genes involved in bile salt synthesis, transport and metabolism in the liver and intestine, as well as genes involved in many different functions by binding FXR response elements (FXREs) in promoters of target genes as a heterodimer with the retinoid X receptor (RXR) (7) . Thus, immune cell modulation by the FXR signalling pathway could lead to improvement in intestinal inflammation (8) . Because bile acids and FXR play an important role in modulating a range of inflammatory responses, barrier function and the prevention of bacterial translocation in the intestinal tract, the current review focuses on the influence of FXR on the inhibition of intestinal inflammation in patients with IBD.
IBD AND FACTORS INVOLVED IN INTESTINAL INFLAMMATION
IBD comprises primarily two disorders: UC and CD. It is likely that a number of factors contribute to the development of mucosal inflammation. Recent experimental studies have identified a role for several factors such as environmental triggers, genetic factors, immunoregulatory defects and microbial exposure (9, 10) . The generally accepted theory is that a combination of environmental agents and a dysfunctional mucosal immune system in genetically susceptible individuals leads to the development of either CD or UC (11, 12) . The hallmark of IBD is chronic, uncontrolled inflammation of the intestinal mucosa, with potentially severe complications and even mortality (13 The most important function of the intestinal mucosa is to form a barrier that separates luminal contents from the intestine. Defects in the intestinal epithelial barrier have been observed in several intestinal disorders such as inflammatory bowel disease (IBD). Recent studies have identified a number of factors that contribute to development of IBD including environmental triggers, genetic factors, immunoregulatory defects and microbial exposure. The current review focuses on the influence of the farnesoid X receptor (FXR) on the inhibition of intestinal inflammation in patients with IBD. The development and investigation of FXR agonists provide strong support for the regulatory role of FXR in mucosal innate immunity. Activation of FXR in the intestinal tract decreases the production of proinflammatory cytokines such as interleukin (IL) 1-beta, IL-2, IL-6, tumour necrosis factor-alpha and interferon-gamma, thus contributing to a reduction in inflammation and epithelial permeability. In addition, intestinal FXR activation induces the transcription of multiple genes involved in enteroprotection and the prevention of bacterial translocation in the intestinal tract. These data suggest that FXR agonists are potential candidates for exploration as a novel therapeutic strategy for IBD in humans. to the rectum through to the large intestinal tract (12) . The epithelial phenotype in active IBD is very similar in CD and UC. It is characterized by increased secretion of water and chloride, leading to diarrhea, increased permeability via both the transcellular and paracellular routes, and increased apoptosis of epithelial cells (14) . Increased permeability of the epithelial lining of the gut results in continuous stimulation of the mucosal immune system. It has been suggested that this may be the primary defect in individuals with IBD. Animal studies have shown a tendency for the development of severe inflammation in areas of the intestine lying beneath the permeability defect (15) . Multiple molecular mechanisms for increased intestinal permeability in patients with IBD have been reported including reduction of tight junction (TJ) strands, strand breaks, alterations of TJ protein content and composition, and increased epithelial apoptosis (16) . Several cytokines are known to increase permeability in the intestinal epithelial monolayer by modulating TJ protein expression and localization, which in turn facilitates the recruitment of neutrophils to the mucosa from the peripheral blood (17, 18) . CD is associated with a T helper cell (Th) 1 type immune response, with excessive production of tumour necrosis factor-alpha (TNF-a), interferon-gamma (IFN-g) and interleukin (IL)-12, whereas UC is the result of a mainly Th2 response with abundant IL-5, IL-10 and IL-13 production (19) . In IBD patients, nuclear factor kappa B (NF-kB) was identified as a key factor in the proinflammatory response (20) , resulting in strongly enhanced expression of proinflammatory genes and recruitment of excess inflammatory cells to the intestinal wall. Additionally, pathogens and bacterial toxins influence epithelial permeability by modulating TJ proteins (21) . Probiotics may functionally modulate the intestinal epithelial barrier of the host by different mechanisms, including prevention of pathogenic bacterial growth, blocking of pathogen binding to or penetration of mucosal surfaces, stimulation of mucosal barrier function and altering immunoregulation (22) (23) (24) . Although permeability defects could conceivably be due to the marked apoptosis that occurs during the inflammatory process, numerous studies have clearly shown that epithelial cell apoptosis alone does not entirely account for permeability deficits (11).
CURRENT AND EMERGING DRUGS FOR THE TREATMENT OF IBD
The treatment of chronic inflammatory gastrointestinal conditions, such as UC and CD, is difficult due to the ambiguity surrounding their precise etiology. Treatment of IBD includes conservative measures as well as surgical approaches in individuals who do not respond to medical treatment (25, 26) . The overall treatment goals are to reduce disease severity and prolong periods of disease-free remission by suppression of inflammation (27) . Treatment strategies are aimed at maintaining the epithelial barrier, and inhibiting innate proinflammatory cells and effector T cells within the lamina propria, ultimately leading to control of the secondary effects without correcting the primary genetic susceptibility factors that are involved in the development of IBD (10, 28) . Pharmaceutical treatment of IBD includes six major categories: anti-inflammatory drugs (mesalazine, corticosteroids); immunosuppressives (methotrexate, cyclosporine, azathioprine and 6-mercaptopurine); biological agents (TNF-a blocking strategies, eg, infliximab, adalimumab); antibiotics (ciprofloxacin, metronidazole, ornidazole, clarithromycin); probiotics; and drugs for symptomatic relief (25) . Recently, a large number of agents have been studied in patients with IBD. Apart from TNF-a inhibitors, other molecules, such as unfractionated or low molecular-weight heparin, omega-3 polyunsaturated fatty acids, microbes and microbial products, have been studied (25) . The agents that are currently used for the treatment of IBD vary in their ability to maintain symptom control, and in their tolerability and toxicity (29) . Despite the efficacy of medical therapy, significant side effects (eg, sepsis, opportunistic infections, tuberculosis, lymphoma, diabetes and osteoporosis) and treatment failures can occur, emphasizing the need for novel treatment options in IBD (8) .
THE STRUCTURE OF FXR AND ITS MECHANISM OF ACTION
FXR is a member of the family of nuclear receptors involved in many aspects of mammalian physiology including development, reproduction and metabolism (30) . One of the unique characteristics of nuclear receptors distinguishing them from other classes of receptors is that they can directly interact with DNA and control transcription (31) . FXR is most abundantly expressed in the tissues commonly exposed to bile acids in normal physiology, including the liver, intestine and kidneys, but is also expressed in the adrenal gland, pancreas and reproductive tissues. Along the intestinal tract, higher FXR levels can be found in the ileal epithelium, the main site of intestinal bile acid absorption (32 (7). FXRa is expressed mainly in the liver, intestine, kidney and adrenal glands, and at much lower levels in adipose tissue (33) .
Similar to nuclear receptors in general, the structure of FXR has been well characterized ( Figure 1A ) and includes a DNA-binding domain in the N-terminal region and a ligand-binding domain in the C-terminal region. The ligand-independent N-terminal transactivation domain (AF1) and the ligand-induced transactivation domain (AF2) are the regions in the FXR molecule responsible for interactions with regulatory proteins (34) .
Ligand-activated FXR binds to DNA sequences on target genes ( Figure 1B ) known as FXREs, either as a heterodimer with RXR or as a monomer, and regulates the expression of a wide variety of target genes involved in bile acid, lipid and glucose metabolism (31) . FXRE is composed of two inverted repeats (IRs) of the core hexanucleotidic AGGTCA sequence (or closely related sequences) separated by one nucleotide, IR-1, and can be activated by ligands for both receptors (bile acids and/or 9-cis retinoic acid) (33) . This FXRE has been (34) . The FXR/RXRa heterodimer also binds to and activates a variety of other FXREs, such as IR-0, IR-8, ER-8 or DR-1, but binds to the consensus IR-1 sequence with the highest affinity (35) . It is commonly considered that without ligand binding, a corepressor complex may be associated with the FXR/RXR dimer, which prevents the recruitment of the transcriptional activation machinery to access FXR target genes (34) . On ligand binding, FXR undergoes conformational changes to release corepressors such as nuclear corepressor (NCor) and recruit coactivators such as steroid receptor coactivator (SRC)-1, protein arginine methyl transferase (PRMT)-1, coactivator-associated arginine methyltransferase (CARM)-1, peroxisome proliferator-activated receptor-g coactivator (PGC)-1a and vitamin D receptor-interacting protein (DRIP)-205 (33), consequently affecting transcriptional rates of target genes (36) . The mechanism(s) that regulate recruitment of these coactivators by FXR ligands and the relevance of these molecules in the regulation of specific genes by FXR are unknown.
NATURAL AND SYNTHETIC LIGANDS OF FXR
Most nuclear receptors are activated by small lypophilic ligands such as bile acids, fatty acids, lipophilic vitamins and steroidal hormones (37) . FXR was originally proposed to be a receptor for an intermediary metabolite known as farnesol (32) . However, the supraphysiological concentrations required to activate FXR preclude the use of farnesol as a ligand. The major breakthrough in FXR biology was the discovery that bile acids are endogenous ligands for this nuclear receptor (7) . Of the two most important primary bile acids in humans, the more hydrophobic chenodeoxycholic acid (CDCA) is clearly a more potent FXR activator than the hydrophilic cholic acid. Secondary bile acids, such as lithocholic acid and deoxycholic acid, also activate FXR, but to a lesser extent. Ursodeoxycholic acid, a hydrophilic bile acid used therapeutically in cholestatic diseases, was shown to function as a very weak FXR agonist (37) . It has been reported that some natural extracts contain FXR modulators. Guggulsterone, the active moeity of guggulipid, may represent an example of a gene-selective modulator for FXR (38) . Stigmasterols, components of soy-derived lipids, were able to antagonize the activity of FXR target genes in HepG2 cells (39) . Additionally, cafestol, a diterpene isolated from unfiltered coffee brew, has been shown to have agonistic effects on FXR (40) .
Exploiting the knowledge of the structure-activity relationship of bile acids for the FXR, semisynthetic and synthetic molecules have been formulated to obtain more potent FXR activators. Because bile acids can activate multiple signalling pathways, the development of specific synthetic FXR agonists, including GW4064 (41), fexaramine (42), AGN34 (43) and a semisynthetic agonist, 6a-ethyl-CDCA (6-ECDCA, INT-747) (44) , have provided powerful tools to dissect FXR-specific transcriptional signalling (35) . The most widely used FXR ligand is the nonsteroidal isoxazole analogue GW4064, but the uncertain bioavailability and potential cytotoxic effects limit its further use. Instead, 6-ECDCA, a novel compound derived from the natural FXR ligand CDCA, has become an alternative agonist ligand for FXR (7) . It is expected that several new specific synthetic agonists of FXR will emerge in the future.
FXR REGULATION OF BILE ACID METABOLISM
It has long been suspected that bile salts have immunosuppressive actions and that inflammation affects bile homeostasis. Although additional mechanisms may exist, some insights into these mechanisms through which bile salts interact with the immune system via the FXR have been revelaed (45) .
Bile acids, the end products of hepatic cholesterol catabolism, have a significant role in nascent bile formation, biliary cholesterol solubilization and intestinal absorption of lipids and lipid-soluble molecules (46) . Apart from these important roles, they function as signalling molecules that coordinately regulate a network of metabolic pathways including lipid, glucose, drug and energy metabolism (47) . Bile salts, together with gastric acid, pancreatic secretions, intestinal motility and local immunity, are known to maintain the physiological balance of the gut microflora and the integrity of the intestinal epithelial barrier (46) . A major underlying pathway responsible for these effects is bile acid-mediated activation of FXR. On activation by bile salt ligand binding, FXR regulates the transcription of genes involved in bile salt synthesis, transport and metabolism in the liver and intestine (7) (Figure 2 ).
Bile acids function as homeostatic regulators and signalling molecules to adjust their own intracellular levels (36) . One FXR target gene is the small heterodimer partner (SHP), an atypical nuclear receptor that lacks a DNA-binding domain and dimerizes with and inactivates both liver receptor homologue 1 and liver receptor homologue a, resulting in a decrease in CYP7A1 expression and inhibition of bile acid synthesis through a neutral pathway (33) . In enterocytes, FXR activation by bile salts induces the production/secretion of fibroblast growth factor (FGF) 15/19 (in mice and humans, respectively), which is involved in liver and intestinal homeostasis. FGF 15/19 activates hepatic FGFR4, inducing the negative feedback regulation of de novo synthesis of bile acids in the liver (48) . Various transport proteins in the liver and intestine involved in hepatic uptake, biliary excretion and intestinal reabsorption of bile acids and salts are regulated by nuclear FXR and the liver X receptor (49) . FXR negatively regulates bile acid uptake systems. In conditions of elevated hepatocellular bile acid concentrations, bile acids, via FXR activation, suppress the expression of the major bile acid uptake system, Na + -taurocholate cotransporting protein, which localizes to the basolateral membrane of hepatocytes (36) . In the liver and intestine, bile acid-activated FXR induces cellular bile acid efflux and detoxification. Thus, in conditions of increased bile acid load in hepatocytes, bile acids enhance their own efflux into bile by activating FXR and consequently increasing ABCB11 (bile salt export pump [BSEP] ) and ABCB4 expression (50) . Although BSEP is responsible for the efflux of monovalent bile acids from hepatocytes into bile, the multidrug resistance-associated
Figure 2) Mechanisms of farnesoid X receptor (FXR) regulation of bile acids homeostasis. FXR negatively regulates bile acid production by repressing CYP7A1. FXR modulates CYP7A1 expression by induction of fibroblast growth factor (FGF)-19 expression. On its secretion, FGF19 activates the hepatic FGF receptor FGFR-4, which in turn downregulates CYP7A1. FXR induces the expression of a small heterodimer partner (SHP), which in turn interacts with two other receptors that decrease the transcription of CYP7A1. FXR activates the expression of the bile acid export transporters multidrug resistance protein 2 (MRP2) and bile salt export pump (BSEP), and simultaneously represses bile acid import by downregulation of the sodium-dependent cotransporting polypeptide (NTCP). At the intestinal level, FXR induces the expression of intestinal bile acid binding protein (IBABP) and organic solute transporter (OST)a-OSTb, and influences the import of bile acids by interfering with the transcription factor network controlling the apical sodium-dependent bile acid transporter (ASBT)
protein 2 (MRP2, ABCC2), which is also upregulated by FXR, contributes to the overall canalicular bile acid efflux by exporting divalent and sulphated or glucuronidated bile acids into the bile (51) . At the intestinal level, FXR activation reduces the expression of the apical sodium-dependent bile acid transporter (ASBT), which mediates bile acid transport from the intestinal lumen into the enterocytes, while also increasing the expression of intestinal bile acid binding protein (IBABP), thus eliciting intracellular trafficking of bile salts from the apical to the basolateral membrane. At the same time, FXR directly activates the expression of organic solute transporter a/b (OSTa/b), which mediates bile acid efflux into the portal blood at the basolateral membrane (52) .
Consistent with the role of FXR in bile homeostasis, FXR knockout mice were initially reported to experience dysregulation of bile acid and lipid homeostasis, with elevated cholesterol levels in both liver and serum (53) . Interestingly, when these mice were followed-up for longer periods, hepatic levels of the proinflammatory cytokines IFN-g, TNF-a and IL-6 were increased, suggesting an additional immunoregulatory role for FXR (54) .
FXR ACTIVATION IN IBD
Several studies have emphasized the role of FXR-bile acid interaction in the pathophysiology of a wide range of diseases of the gastrointestinal tract. At the intestinal level, FXR activity alleviates inflammation and preserves the integrity of the intestinal epithelial barrier in many ways by regulating the extent of the inflammatory response, maintaining the integrity and function of the intestinal barrier, and preventing bacterial translocation into the intestinal tract (50) .
The impact of FXR on intestinal inflammation and immunoregulation
FXR is expressed in epithelial cells, which play an essential role in the mucosal immune response, thus exerting strong influence on immunoregulation (55) . FXR ligands exert anti-inflammatory activities through their ability to antagonize other signalling pathways, in part through the interaction with other transcription factors, including activator protein-1, and signal transducers and activators of transcription (33).
Vavassori et al (6) recently provided supportive evidence for the involvement of FXR in IBD due to counter-regulatory effects on cells of innate immunity. They noticed that FXR-deficient mice responded to intestinal inflammation with an uncontrolled immune reaction and inflammation-driven fibrosis in the colon. FXR activation by natural and synthetic ligands represses the expression of a set of toll-like receptor 4-regulated genes, including proinflammatory cytokines, chemokines and their receptors (6) . Several of the intestinal macrophage genes inhibited by FXR agonists are established targets for NF-kB genes (TNF-a, IL-1b, IL-6, cyclooxygenase-1, cyclooxygenase-2) and activator protein-1, which are the most important transcriptional regulators of innate and adaptive immunity in cells (56) .
In two complementary experimental murine models (intrarectal administration of trinitrobenzensulfonic acid and oral administration of dextrane sodium sulphate), concurrent administration of the potent synthetic FXR ligand (6-ECDCA, INT-747) protected against colitis in wild type mice, but not in FXR-knockout mice (6) . Consistent with this, Gadaleta et al (8) also showed that administration of the FXR agonist INT-747 alleviated intestinal inflammation in two models of murine colitis. Furthermore, it has been shown that not only does FXR inhibit inflammation in the gut, but also that FXR activation is inhibited by proinflammatory stimuli in different model systems (45) . Decreased FXR activity may lead to altered enterohepatic bile salt circulation and potentially contribute to cholestatic liver disease, which often coexists in patients with IBD (57) .
It has been reported that FXR activation results in a decrease of epithelial permeability and proinflammatory cytokine messenger RNA expression in the murine intestinal mucosa (8) . Many cytokines that contribute to the pathophysiology of IBD, such as the interleukins  IL-0, IL-1, IL-3 and IL-4, as well as TNF-a and IFN-b , influence epithelial and endothelial TJ function, and the actin cytoskeleton both in vivo and in vitro (58) , leading to disruption of intestinal epithelial tight TJ and intestinal hyperpermeability (the so-called 'leaky gut'), which may result in bacterial translocation, systemic inflammatory response and multiple organ dysfunction syndrome (16) . Decreasing the level of proinflammatory cytokines, FXR activation has indirect influence on intestinal permeability and transport. It has been demonstrated that proinflammatory cytokines initiate many changes in gene expression by activating transcription factors as well as many transporters and drug metabolizing enzymes that are suppressed during inflammation, such as multidrug resistance (MDR)-1 protein, MRP2, MRP3, BSEP, organic anion-transporting polypeptide-2 and CYP3A (59) .
There is increasing evidence that changes in MDR1 (also known as P-glycoprotein or ABCB1) function and/or expression contribute to the pathogenesis of inflammatory disorders of the gastrointestinal tract (60) . P-glycoprotein, encoded by the ABCB1/MDR1 gene located on chromosome 7q, is highly expressed on the apical side of the intestinal epithelium (61, 62) . Its function is to mediate efflux of compounds from the mucosa to the gut lumen and, in that manner, protect the body against xenobiotics from nutrients. MDR1 can also limit the absorption of hydrophobic drugs by transporting them back into the lumen, and protect against bacterial infection (63) . Decreased expression of P-glycoprotein was identified in IBD patients compared with controls (64) . Consistent with that result, Panwala et al (65) showed that MDR1 null mice developed spontaneous intestinal inflammation. It was suggested that the MDR1 C3435T polymorphism, which is associated with decreased MDR1 expression, may confer a genetic predisposition to UC (66) .
There is strong evidence supporting the influence of FXR agonists on inflammation processes at other levels of the gastrointestinal tract. Lian et al (67) noticed that FXR protects human and murine gastric epithelial cells against TNF-a-induced inflammatory cell damage. They have also identified keratin 13, an antiapoptotic protein of desmosomes, as a novel CDCA-regulated FXR-target gene. The most recent published study (68) emphasized the role of FXR in mucosal protection in models of gastrointestinal injury caused by nonsteroidal anti-inflammatory drugs, exhibiting its effect on a gastrointestinal expression of cystathionine-glyase, an enzyme required for generation of hydrogen sulphide. At the hepatic level, FXR is a negative modulator of NF-kB-mediated inflammation, reducing the expression of inflammatory mediators both in vivo and in vitro (69) .
The role of FXR in intestinal antibacterial genes
It was previously known that bile acids have antimicrobial activity in the small intestine, thus helping to maintain the integrity of the intestinal barrier. Lorenzo-Zúñiga et al (70) provided strong evidence for this hypothesis, demonstrating that the feeding of bile or conjugated bile acids in conditions of bile acid deficiency in the intestine abolished bacterial overgrowth and reduced bacterial translocation to intestinal lymph nodes. Based on studies involving mice, Inagaki et al (71) presented compelling evidence that the antibacterial effect of conjugated bile acids in the distal small intestine was mediated by a cellular pathway involving the FXR. They showed that mice lacking FXR experienced bacterial overgrowth, increased intestinal permeability and large amounts of bacteria in mesenteric lymph nodes, as well as significant inflammation of the intestinal wall. FXR activation by the synthetic ligand GW4064 alleviated these adverse effects in wild type, but not in FXR knockout mice. They demonstrated that FXR activation promoted the expression of several intestinal genes that are involved in enteroprotection (71) . Perhaps the most notable of these is the gene encoding inducible nitric oxide synthase, given the antimicrobial properties of nitric oxide, as well as its role in different aspects of the innate immune response, including mucus secretion, vascular tone and epithelial barrier function (71, 72) . Another gene identified as GW4064-inducible is the gene encoding angiogenin, a part of the acute phase response to infection, which has potent antibacterial and antimycotic actions (71, 73) . The proinflammatory cytokine IL-18 is also induced by FXR stimulation. IL-18 stimulates resistance to an array of pathogens, including intracellular and extracellular bacteria and mycobacteria, and appears to have a protective role during the early, acute phase of mucosal immune response (71, 74) . Activity of this nuclear receptor induces messenger RNA expression of carbonic anhydrase 12. This enzyme participates in antibacterial defense by maintaining appropriate intestinal pH and ion balance, which is important for the homeostasis of intestinal luminal contents and epithelial barrier integrity (71) .
These results are entirely consistent with the proposal that FXR is critical for controlling intestinal bacterial growth, which has significant implications for maintaining a competent barrier and, thus, contributing to the prevention of intestinal inflammation.
Other mechanisms of FXR enteroprotection
It has been shown that activation of FXR by agonists leads to upregulation of angiotensin type II receptor (AT2R) in vascular smooth muscle cells by binding to an IR2 FXRE in the AT2R promoter (75) . Activation of AT2R resulted in an inhibition of AT1R signalling, which in turn decreases the activity of Th1 and Th17 cells. Because both of these T cell subsets have a critical role in IBD pathogenesis, this may be an additional mechanism by which FXR signalling suppresses intestinal inflammation (76, 77) . Furthermore, some of the FXR functions in the intestine are probably mediated by induction of FGF15 due to fact that FGF15 knockout mice show altered intestinal morphology, suggesting that activation of FGF15 by FXR could also have protective effects in the intestine (48) . Additionally, it has been demonstrated that FXR activation interferes with Wnt/b-catenin signalling, an important regulator of intestinal homeostasis. Increased levels of Wnt/b-catenin activation, which is observed in FXR deficiency, may contribute to tumour formation. Given that patients with IBD are at increased risk of developing colorectal cancer, FXR agonists may reduce risk in a dual fashion, both by directly inhibiting Wnt/bcatenin tumorigenesis and by decreasing local inflammation (77) .
It is clear that the genetic basis for IBD is focused on genetic factors that regulate the components of the innate and adaptive immune responses, as well as the regulation of intestinal epithelial cell barrier function and, interestingly, the composition of the normal commensal microbiota, within the intestines (78) (79) (80) . It is estimated that known genetic associations account for only 20% of the genetic variance underlying susceptibility to IBD, leaving ample space for additional genetic factors. Nijmeijer et al (81) recently evaluated whether genetic variation in FXR is associated with IBD. In that study, none of the functional or common tagging single nucleotide polymorphisms proved to be significantly associated with CD or UC.
The impact of bile salt-FXR interactions in intestinal inflammation is an interesting observation with respect to surgical intervention in IBD. In normal conditions, the terminal ileum functions as the conduit by which bile acids from the intestinal lumen are reclaimed into the enterohepatic circulation. In a murine model of ileocaecal resection, the remnant colon is able to adapt to the loss of ileal bile acid uptake by upregulating the molecular machinery necessary to import, transport and export bile acids from the lumen, decreasing the expression of IBABP, ASBT and FGF15. This upregulation is partially FXR-dependent and requires colonic bacteria for initiation. It is possible that ileocecal resection is not only involved in removing local disease, but also contributes to immunomodulation in the remaining colon (82) .
PROSPECTS
These new findings suggest that FXR has much broader roles than previously believed. By regulating the expression of genes involved in diverse metabolic pathways, FXR is becoming an attractive drug target for different diseases including IBD. We expect that further investigation of FXR function in these new areas will provide novel insights into the complex mechanism of FXR action. FXR agonists are currently being evaluated in phase I/II trials as treatment for hepatic and metabolic disorders. The number of synthetic FXR agonists is expected to grow in the future. Recent studies have shown that FXR activation affects both immune cells and intestinal epithelium, contributing to intestinal immunomodulation at various levels, thus providing a rationale to extend these clinical trials to patients with IBD. The therapeutic benefits or risks of synthetic FXR ligands require careful consideration in light of differences between mice and humans. With an in-depth understanding of FXR function and regulation at the cell-, gene-and tissuespecific levels, these agonists may emerge as novel drugs to prevent and treat hepatic, gastrointestinal and systemic diseases.
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